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1

METHOD FOR FORMING A THIN FIILM
TRANSISTOR

FIELD OF THE INVENTION

This invention relates generally to semiconductor devices,
and more specifically to a thin film transistor and a method
for the formation thereof.

BACKGROUND OF THE INVENTION

Thin film transistors (TFTs) are gaining acceptance in the
semiconductor industry. In fact, TFT devices have already
found application in both flat panel displays and in static
emory devices. In the case of static memory devices,
complementary metal oxide semiconductor (CMOS) and
bipolar metal oxide semiconductor (BiCMOS) static random

access memories (SRAMs) have in the past predominantly

used polysilicon resistor load devices. The semiconductor
industry’s continual drive toward higher density SRAMES,
however, makes the replacement of these traditional poly-
silicon resistor load devices with TFT devices very desir-
able. Both SRAMs and flat panel displays require well-
behaved TFT devices that exhibit low leakage currents and
high on/off current ratios and low defectivity. In addition,
high density SRAMs require TFT devices that are compat-
ible with small memory cell sizes.

several different TFT devices such as, vertical, over-
gated, and undergated have been proposed in the past.
However, the utilization of undergated TFTs in high density
SRAMSs has been limited. In an SRAM cell the drain
clectrode of the TFT must be electrically coupled to the
control electrode of the latch transistor. However, electri-
cally coupling the drain electrode of an under-gated TFT 1o
the control electrode of the latch transistor requires an
additional level of metallization. The area required for
laying out the additional level of metallization is substantial
and thus limits the memory cell size that can be achieved
with under-gated TFTs. Accordingly, a need exists for a TFT

device, which is compatible with high device density
requirements.

SUMMARY OF THE INVENTION

The previously mentioned problems with existing TFT
devices are overcome by the present invention. In one
embodiment of the invention a thin film transistor is fabri-
cated by forming a gate electrode that has a sidewall. A gate
dielectric layer is then formed overlying the gate electrode.
A first layer of semiconductive material is then formed
overlying the gate dielectric layer. A portion of the first layer
of semiconductive material is then etched to form an
exposed portion of the gate dielectric layer. The exposed
portion of the gate dielectric layer is then etched to define a
contact opening. A second layer of semiconductive material
18 then formed overlying the first layer of semiconductive
material to form a composite layer of semiconductive mate-
rial overlying the gate dielectric layer. In addition, the
second layer of semiconductive material is also formed such
that it lies within the contact opening. The composite: layer
is patterned and source and drain regions are formed within
the composite layer. The source and drain regions also define
a channel region within a portion of the composite layer that
overlies the gate electrode. Other aspects of the invention
involve devices formed with the inventive process.

These and other features, and advantages, will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings. It is
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important to point out that the illustrations may not neces-
sarily be drawn to scale, and that there may be other
embodiments of the present invention that are not specifi-
cally illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-9 illustrate, in cross-section and in top view,
process steps in accordance with one embodiment of the
invention, wherein like reference numerals designate iden-
tical or corresponding parts throughout the several views.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

FIGS. 1 through 9 illustrate, in cross-section and in top
view, process steps in accordance with one embodiment of
the invention wherein a thin film transistor is formed. Shown
in FIG. 1 1s a portion 10 of an integrated circuit structure
comprising a substrate 12 and a dielectric layer 14. Substrate
12 is preferably a semiconductor substrate such as a single
crystal silicon substrate, a silicon on sapphire substrate, a
silicon on insulator substrate, or the like. In addition, sub-
strate 12 may have semiconducting devices such as transis-
tors, capacitors, resistors, diodes, etc. are formed thereon.
These devices, however, are not shown in order to simplify
the drawings. Dielectric layer 14 may be a layer of silicon
dioxide, silicon nitride, polyimide, or the like. In addition,
dielectric layer 14 may be formed using conventional tech-
niques, such as thermal oxidation, chemical vapor deposi-
tion, spin-on deposition, plasma deposition, or the like.:

In FIG. 2, a contact opening 16 is formed within dielectric
layer 14 using conventional photolithographic patterning
and etching techniques and a layer of conductive material is
then deposited over dielectric layer 14 and within contact
opening 16. The conductive layer of material is formed
using conventional techniques and is preferably n+ or p+
polysilicon. Altematively, the conductive layer may also be
a metal, such as tungsten, or a metal silicide such as tungsten
silicide or titanium silicide, or a polycide layer comprising
metal silicide and doped polysilicon. A sacrificial layer of
material 1s then formed overlying the conductive layer and
the sacrificial layer and the conductive layer are subse-
quently patterned to form a gate electrode 18 and a contact
region 22. Contact region 22 is electrically coupled to a
portion of substrate 12. For example, in one embodiment
contact region 22 is electrically coupled to the underlying
gate electrode of a latch transistor in an SRAM memory cell.
Alternatively, contact region 22 may be electrically coupled
to an underlying doped region or to an underlying conduc-
tive interconnect. As shown in FIG. 2, the patterning process
leaves a remaining portion 24 of the sacrificial layer over-
lying Contact region 22 and gate electrode 18. In one
embodiment, remaining portion 24 is chemical vapor depos-
ited silicon dioxide. Alternatively, remaining portion 24 may
be thermally grown silicon dioxide or another material such
as silicon nitride, silicon oxynitride, or the like. In addition,
remaining portion 24 may also be a laminate comprising
silicon dioxide and silicon nitride or a laminate comprising
stlicon dioxide and silicon oxynitride. It should be appreci-
ated that the sacrificial layer may be advantageously used as
an anti-reflective coating to reduce pattern distortion or
reflective notching during the photolithographic patterning
process.

In FIG. 3, a Iayer of sidewall spacer material is then
formed overlying gate electrode 18, contact region 22, and
dielectric layer 14. The layer of sidewall spacer material is
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formed using conventional deposition techniques and 1s
subsequently anisotropically etched to form a sidewall
spacer 26 adjacent to sidewall 20 of gate electrode 18. In one
embodiment sidewall spacer 26 is formed with silicon
nitride. Alternatively, sidewall spacer 26 may be formed
with other materials such as silicon dioxide, boron nitride, or
the like. In one embodiment after sidewall spacer 26 has
been formed remaining portion 24 1s subsequently removed
using a selective etch process to expose top surface 28 of
gate electrode 18 and top surface 30 of contact region 22.
For example, remaining portion 24 may be selectively
removed with hydrofluoric acid if it is formed with silicon
dioxide. Alternatively, remaining portion 24 may also be

removed at the same time that sidewall spacer 26 is formed.

In FIG. 4, a gate dielectric layer 32 is then formed
overlying top surface 28 of gate electrode 18 and top surface
30 of contact region 22. In one embodiment gate dielectric
layer 32 is a layer of chemically vapor deposited silicon
dioxide, that is deposited using tetracthylorthosilicate
(TEOS) as a source gas, and that is subsequently densified
in an ambient comprising oxygen. Alternatively, gate dielec-
tric layer 32 may be a layer of thermally grown silicon
dioxide, or a layer of silicon oxynitride, that is formed by
annealing a deposited or thermally grown silicon dioxide
layer in an ambient comprising ammonia (NH3), nitrous
oxide (N20) or nitric oxide (NO). A first layer 34 of
semiconductive material is then formed overlying gate
dielectric layer 32. First layer 34 is formed using conven-
tional techniques and preferably has a thickness ranging
from about 25 nanometers to about 75 nanometers. In one
embodiment first layer 34 is a layer of amorphous silicon.
Alternatively, first layer 34 may also be a layer of polysili-
con, silicon-germanium, or the like.

In FIG. §, first layer 34 is then patterned using conven-
tional photolithographic patterning and dry etching tech-
niques to expose an underlying portion of gate dielectric
layer 32. The exposed portion of gate dielectric layer is then
subsequently removed with either a dry or wet etch to define
a contact opening 35 and to expose a portion 36 of contact
region 22.

In FIG. 6, a second layer 38 of semiconductive material
is then formed overlying first layer 34 to form a composite
layer 40 of semiconductive material. In addition, second
layer 38 is also formed within contact opening 35 and
overlies exposed portion 36 of contact region 22 as shown
in FIG. 6. Second layer 38 i1s formed using conventional
techniques and preferably has a thickness ranging from
about 25 nanometers to about 75 nanometers. In one
embodiment second layer 38 is a layer of amorphous silicon.
Alternatively, second layer 38 may also be a layer of
polysilicon, silicon-germanium, or the like. In a preferred
embodiment composite layer 40 has a thickness of less than
100 nanometers. In one embodiment a dielectric layer 42 is
formed over composite layer 40 and then dielectric layer 42
and composite layer 40 are annealed in an ambient com-
prising oxygen. Alternatively, dielectric layer 42 and com-
posite layer 40 may be annealed in an inert ambient. The
anneal process densities composite layer 40 and passivates
the grain boundaries of composite layer 40. In addition, it
should also be appreciated that if first layer 34 and second
layer 38 are formed with amorphous silicon then the anneal
process may also be advantageously used to re-crystallize
these amorphous silicon layers. In one embodiment dielec-
tric layer 42 is a layer of chemically vapor deposited silicon
nitride. Alternatively, dielectric layer 42 may be a layer of
silicon oxynitride or silicon dioxide. In addition, dielectric
layer 42 may also be a laminate comprising silicon dioxide
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and silicon nitride or a laminate comprising silicon dioxide
and silicon oxynitride.

In FIG. 7, dielectric layer 42 and composite layer 40 are
patierned using conventional photolithographic patterning
and etching techniques. It should be appreciated that dielec-
tric layer 42 may be advantageously used as an anti-
reflective coating to reduce pattern distortion or reflective
notching during the photolithographic patterning process. A
photoresist mask 44 is then formed over a portion of
composite layer 40, that is overlying gate electrode 18.
Photoresist mask 44 is then used as an implantation mask
and ions 45 are implanted into composite layer 40 to form
a source region 46 and a drain region 48. In addition, in one
embodiment the implantation process also defines a channel
region 50 and an drain channel region 52 within composite

layer 40. This embodiment is illustrated in FIG. 7, wherein

channel region 50 is shown to overlie gate electrode 18 and
offset drain region 52 is shown to lie in between channel
region 50 and drain region 48. It should be appreciated that
source region 46 and drain region 48 may be formed to have
either an n-type or a p-type conductivity.

The photoresist mask 44 is then stripped and source
region 46 and drain region 48 are annealed using conven-
tional techniques. The resuiting thin film transistor 54 is
shown in FIG. 8. As shown, drain region 48 1s electrically
coupled to contact region 22 by a doped portion of second
layer 38. Thus the inventive process allows drain region 48
to be electrically coupled to underlying devices without
using an extra level of metallization. Therefore, the inven-
tive process allows small SRAM memory cells to be fabri-
cated with under-gated thin film transistors because an extra
level of metallization is not required to electrically couple
the drain region of the under-gated thin film transistor to the
gate electrode of a latch transistor. Moreover, the electrical
characteristics of the thin film transistor are not adversely
affected by forming the channel region, source region, and
drain region of the thin film transistor within a composite
layer of semiconductive material.

FIG. 9 is a top down view of FIG. 8. It should be
appreciated from FIG. 9 that the inventive process could also
be used to form an over-gated thin film transistor. Moreover,
it should also be appreciated that a thin film transistor that
is both over-gated and under-gated may also be formed
using the inventive process.

The foregoing description and illustrations contained
herein demonstrate many of the advantages associated with
the present invention. In particular, it has been revealed that
the source, drain, and channel regions of a thin film tran-
sistor may be formed within a composite layer of semicon-
ducting material without adversely effecting 1ts electrical
characteristics. Yet another advantage is that the present
invention allows high density SRAM’s to be fabricated with
under-gated thin film transistors because an additional level
of metallization is not required to electrically couple the
drain electrode of the under-gated thin film transistor to the
gate electrode of the latch transistor.

Thus it is apparent that there has been provided, in
accordance with the invention, a thin film transistor that
fully meets the need and advantages set forth previously.
Although the invention has been described and illustrated
with reference to specific embodiments thereof, it i1s not
intended that the invention be limited to these illustrative
embodiments. Those skilled in the art will recognize that
modifications and variations can be made without departing
from the spirit of the invention. For example, it is envisioned
that composite layer 40 may be formed with more than two
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layers of semiconducting material. In addition, the invention
18 not limited to the materials specifically recite herein. It is
aiso important to note that the present invention is not
limited in any way to a specific SRAM device or layout.
Theretore, 1t is intended-that this invention encompass all
such vaniations and modifications as fall within the scope of
the appended claims.

We claim:

1. A method for forming a thin film transistor comprising
the steps of:

providing a substrate;

forming a gate electrode overlying the substrate, the gate
electrode having a sidewall;

torming a gate dielectric layer abutting at least a portion
of the gate electrode;

forming a first layer of semiconductive material abutting
at least a portion: of the gate dielectric layer;

etching a portion of the first layer of semiconductive
material to form an exposed portion of the gate dielec-
tric layer;

etching the exposed portion of the gate dieleciric layer to
define a contact opening therein;

forming a second layer of semiconductive material over-
lying the first layer of semiconductive material to form
a composite layer of semiconductive material overlying
the gate dielectric layer, wherein the second layer of
semiconductive material also lies within the contact
opening;

patterning the composite layer; and

forming a source region within a first portion of the
composite layer and a drain region within a second
portion of the composite layer, wherein the source and
drain regions define a channel region within a third
portion of the composite layer that overlies the gate
electrode.

2. The method of claim 1, further comprising the step of
forming a sidewall spacer adjacent to the sidewall of the gate
electrode prior to forming the gate dielectric layer.

3. The method of claim 1, wherein the step of forming the
first layer of semiconductive material is further character-
ized as depositing a layer of amorphous silicon.

4. The method of claim 1, wherein the step of forming the
first layer of semiconductive material is further character-
1zed as depositing a layer of polysilicon. -

5. The method of claim 1, wherein the step of forming the
gate dielectric layer comprises chemically vapor depositing
a layer of silicon dioxide.

6. The method of claim 5, wherein the step of forming the
gate dielectric layer further comprises the step of annealing
the layer of silicon dioxide.

7. The method of claim 1, wherein the step of forming the
source and drain regions is further characterized as forming
the source and drain regions such that an offset drain region
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1s defined within a fourth portion of the composite layer,
wherein the offset drain region lies in between the channel
region and the drain region.

8. A method for forming a thin film transistor comprising
the steps of:

providing a substrate;

forming a gate electrode overlying the substrate, the gate
electrode having a sidewali;

forming a gate dielectric layer abutting at least a portion
of the gate electrode;

depositing a first amorphous silicon layer abutting at Ieast
a portion of the gate dielectric layer;

etching a portion of the first amorphous silicon layer to
form an exposed portion of the gate dielectric layer;

etching the exposed portion of 7the gate dielectric layer to
define a contact opening therein;

depositing a second amorphous silicon layer overlying the
first amorphous silicon layer to form a composite layer
of semiconductive material, wherein the second amor-
phous silicon layer also lies within the contact opening;

annealing the composite layer of semiconductive material
to recrystallize the first and second amorphous silicon
layers;

patterning the composite layer; and

forming a source region within a first portion of the
composite layer and a drain region within second
portion of the composite layer, wherein the source
region and drain region define a channel region within
a third portion of the composite layer that overlies the
gate electrode.

9. The method of claim 8, further comprising the step of
forming a sidewall spacer adjacent to the sidewall of the gate
electrode prior to forming the gate dielectric layer.

10. The method of claim 8, further comprising the step of
forming a dielectric layer overlying the second amorphous
silicon layer prior to re-crystallizing the first and second
amorphous silicon layers.

11. The method of claim 8, wherein the step of forming
the gate dielectric layer comprises chemically vapor depos-
iting a layer of silicon dioxide.

12. The method of claim 11, wherein the step of for
the gate dielectric layer further co
ing the layer of silicon dioxide.

13. The method of claim 8, wherein the step of forming
the source and drain regions is further characterized as
forming the source and drain regions such that an offset
drain region 18 defined within a fourth portion of the com-
posite layer, wherein the offset drain region lies in between
the channel region and the drain region.

ing
prises the step of anneal-
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